The monoclonal antibody solution hybridization assay is a novel enzyme immunoassay for detection of RNA with a biotinylated DNA probe. To increase the sensitivity of this test, a fluorescent substrate and an enzymatic amplification cycling system were compared with a conventional colorigenic substrate for alkaline phosphatase.
orescent (3, 4, 7-10, 12, 14, 25, 35) , chemiluminescent (15) , or radioactive (11) compounds, that are measurable at lower concentrations than visibly colored products could provide an alternative to increase the sensitivity of EIA. Enzymatically amplified cycling reaction represents another method of magnifying the signal produced by enzymatic reactions (16, 17, 19, 28) . In the most extensively studied cycling assay (5, 6, 13, 22, 24, 26) , each bound enzyme does not directly degrade a substrate to a colored compound but rather to a coenzyme which amplifies the signal by activation of coupled enzymatic reactions involving NAD-NADH recycling. This substrate system has been reported to be more sensitive and faster than conventional assays (26) .
The purpose of this study was to compare the sensitivities of colorimetric, fluorescence, and cycling systems in the monoclonal antibody solution phase hybridization assay for * Corresponding author. detection of RNA. The most sensitive fluorescent substrate, methylumbelliferone (9) , and a cycling assay based on NAD-NADH redox cycles were used here.
MATERIALS AND Transcription reaction for production of target RNA. Single-stranded RNA targets were produced from plasmid pSP65 DNA. One microgram of pSP65 template was transcribed with SP6 polymerase in a 100-pul reaction volume by a standard protocol (20) . RNasin was added at 1 U/,ul to protect single-stranded RNA. After 1 h of transcription, the DNA template was removed with addition of 1 U of RQ DNase for 15 min at 37°C. The RNA produced was extracted with an equal volume of phenol, followed by extraction in chloroform-isoamyl alcohol (24:1) (18). It was recovered by precipitation in sodium acetate-cold ethanol at -70°C as described above. The RNA pellet was suspended in 5-diethylpryocarbonate-treated water with 0.5%s sodium dodecyl sulfate as an RNase inhibitor. The amount of RNA was measured in a spectrophotometer, and its purity was evaluated by measuring the A6(o/A_8() ratio. A ratio of >1.95 was accepted as an RNA preparation of high purity.
Hybridization solution assay. The enzyme immunoassay for detection of RNA with biotinylated DNA probes (monoclonal antibody solution hybridization assay) was performed as described previously (27) . Briefly, 100 ptI of half-log dilutions of pSP65 RNA transcripts in 5-diethylpyrocarbonate-treated HO with 0.5% sodium dodecyl sulfate were mixed with 100 jil of a biotinylated pSP65 DNA probe at a concentration of 0.4 p.g/ml in a hybridization buffer contain- substrate system, the plates were left at 37°C for 2 h. After another wash with PBST, 50 pI of an alkaline phosphataselabeled F(ab') fragment of a monoclonal antibody to DNA-RNA hybrids was added to each well. The antibody was diluted to a concentration of 0.05 p-g/ml in a solution of PBST-0.5% gelatin containing 0.5%î, normal mouse serum.
After 2 h of incubation at 37°C, the plates were treated as detailed below. For the noncycyling substrates, the plates were washed six times with PBST to separate bound from unbound conjugate, and 50 ,ul of the enzyme substrate was added to each well. For the fluorogenic substrate, 50 ,ul of 0.1 mM 4-methylumbelliferyl phosphate per well in 50 mM diethanolamine buffer (pH 9.6)-10 mM MgCl, was added and incubated at room temperature. The amount of fluorescent methylumbelliferone generated by enzymatic hydrolysis of the substrate was measured periodically for up to 16.6 h in a Dynatech Microfluor microtiter plate fluorometer (detection wavelength, 365 nm; emission wavelength, 450 nm). For the colorimetric substrate, 50 p-l of 1 mM p-NPP (prepared on the day of use) per well in 50 mM diethanolamine buffer (pH 9.6)-10 mM MgCl, was added and left at room temperature.
The amount of nitrophenol generated by the enzymatic reaction was monitored periodically for up to 16.6 h on a spectrophotometer (Titertek Multiscan MCC/340 MK II) at a wavelength of 405 nm.
For the samples studied with the enzymatic amplification system, the final wash after the conjugate incubation was done six times with 50 mM Tris-hydrochloride (pH 7. detected after 120 min (Fig. 2) . In agreement with previous publications (12, 13, 26, 30) , the p-NPP substrate was less sensitive, detecting only 3.2 x 10-17 mol of alkaline phosphatase in 120 min. However, extension of the incubation time up to 16.6 h (Fig. 3) (10, 20 , and 60 min for each reaction) were compared for the ability to detect half-log dilutions of RNA from 1,000 to 0.3 pg/ml (50 to 0.015 pg per assay). The results (Fig. 4) ever, a total reaction time of 20 min was less sensitive, with an endpoint of 10 pg/ml (0.5 pg per assay). The greatest sensitivity was achieved when incubation times for the amplification and substrate steps were identical (data not shown).
Dilutions of RNA were tested in parallel in the monoclonal antibody solution hybridization assay using the different substrate systems. The titration curves and sensitivity endpoints for RNA detection with the colorigenic substrate and enzymatic amplification system are shown in Fig. 5 , and the results with the fluorogenic substrate are presented in Fig. 6 . With the conventional colorigenic substrate, 32 pg of singlestranded RNA per ml was detected after a substrate incubation time of 120 min. The sensitivity of the colorimetric substrate improved with overnight incubation (16.6 h), reaching the optimal level of detection of 3.2 pg/ml. However, after incubation for only 20 
